Differential energy spectra of electrons observed in an auroral breakup show evidence that an incident electron beam of energy E = 6-13 keV, width of 2-5 keV, and variable intensity was stabilized over a period of at least several minutes by the oscillating two-stream instability in the manner previously described by Papadopoulos and Coffey. The critical observed feature predicted by these authors' calculation is a tail with differential flux dj/dE cr E -o.5. This tail is much too intense to be attributed to the effects of collisions with atmospheric constituents. It is possible that the tail is part of the beam itself, i.e., produced higher up, but there are at least two arguments against this: first, the observations indicate that the tail approaches isotropy, whereas the beam is mostly downcoming, and second, the tail is observed as low as 130 km; the portion of the tail below 1.5 keV would have been absorbed by the atmosphere at greater heights if it had been incident from above. The observations support the hypothesis that the tail electrons are produced locally and by the proposed stabilization process. Implications are briefly discussed.
INTRODUCTION 2. EXPERIMENTAL RESULTS
The principal cause of discrete aurora is recognized to be precipitating electrons with energies in the range of about 100 eV to 100 keV. The processes that accelerate and precipitate these electrons are not well understood, but the manner in which they lose energy by collisions with atmospheric constituents has been quantitatively treated. Ionizing collisions by a kilovolt electron beam produce a steep strongly altitudedependent tail of slowed-down secondary and backscattered electrons, which has been clearly described recently by Banks et al. [1974] , Berger et al. [1974] , and Rees and Maeda [1973] . Most of the electrons in this tail have energies of •<30 eV.
In some cases, much more energetic tails have been observed in aurora, as is shown for example in Figure 1 . The peaked region we call the beam, the tail being the part of the spectrum that rises toward lower energy. We assume, for reasons to be discussed later, that the tail is produced by interaction of the beam with the ionosphere. The above predictions of secondary flux in the energy range 0.5 to •2 keV are at least a factor of 30 lower than these observations. Similar spectra have been observed by others [e.g., Reasoner and Chappell, 1973; Arnoldy and Choy, 1973] .
In this paper we present new auroral electron energy spectra and hypothesize that a certain nonlinear local plasma interaction accounts for the observed tail. This hypothesis has been outlined earlier [Papadopoulos and Coffey, 1974a] . In addition to the tail, it predicts a spectrum of plasma turbulence and irregularities which will give rise to anomalous resistivity [Papadopoulos and Coffey, 1974b] .
The present paper is organized as follows. In section 2 our rocket results are presented. In section 3 we describe the nonlinear beam stabilization process and how it produces a tail, and we show that the observed spectra are consistent with the theory and support our contention that the tail is produced •,,,•,, co..,;... • ,•' pli su,,assy. o,,,,,suss -, ulSCUSSeS some im cations.
•Now at Los Alamos Scientific Laboratory, Los Alamos, New The instrument on board which obtained the data presented here was a spherical electrostatic analyzer with electron multiplier detectors. A full description of the instrument, its calibration, and the results may be found in the report by Pongratz [1972] . Briefly, the energy range between 0.5 and 40 keV was covered by 29 energy channels spaced in geometric progression, the energy resolution AE/E in each channel being constant at •0.15. Count rates were high enough to ensure good statistics.
The spectra presented in this paper are averaged over one roll of the rocket and over two directions, downcoming (0 ø < a < 90 ø) and upgoing (90 ø < a < 135ø), where a is the pitch angle. The upgoing data do not cover the entire range of pitch angles and so are somewhat less reliable than the downcoming data. One hundred and twenty-three spectra were produced.
The aurora was very active, and the rocket passed in and out of bright visible forms, but the observed electron spectra showed less variation than might have been expected. Figures 2-5 show two observed extremes plotted in various ways.
Since we intend to make a physical distinction between the beam and the tail, it is necessary to separate them in the data. We identify the fluxes from 0.5 to 1.4 keV as being entirely due to tail electrons. These points are well fitted by log f(V) = S log V + const for each spectrum,.i.e., the distribution function follows a power law. The fit was performed for each spectrum separately, and the resulting function was extrapolated and subtracted point by point from the rest of the spectrum, the differences being identified as the beam. The resulting parameters are summarized in Table 1 . The tail number density nT was computed, somewhat arbitrarily, by extrapolation of the fitted tail function out to the beam peak speecl Vmax and by integration. These procedures slightly overestimate the beam Figure 8 . Note that our observed spectrum is rising toward low energy in the 0.5-keV region, whereas the calculated spectrum is falling. Some process is regenerating the tail, and it is reasonable to suppose that the same mechanism is acting throughout the flight, because the 130-km spectrum has very much the same shape as all the others, although it is somewhat reduced in intensity. The mechanism must, however, be able to compete with the high electron-neutral collision frequency of 2 X 10 a at 130 km. We will return to this question after presenting the theory. The details of the nonlinear stabilization process have already been described in the above publications and will not be repeated here. The overall physical picture is shown in Figure  9 . The fast precipitating electrons create plasma waves in region I. When these waves exceed a threshold level, a fast energy transfer occurs toward regions of smaller phase velocity (larger wave number) labeled as II in Figure 9 , and ion density fluctuations Ws are produced. These secondary waves W•. can interact efficiently with the shaded part of the distribution function and thus create tails (dashed lines). These processes occur only if the precipitating electrons are not prevented by collisions from creating the primary spectrum of plasma waves. As we will see, this was the case for all the experimental cases that we will discuss.
Our overall picture can be presented as the interplay of three separate processes which we identify as (1) Overall description and scalings, On the basis of the above we have the following scheme of energy transfer (Figure 9 ). The precipitating electrons excite plasma waves in region I. These subsequently decay to lower phase velocity waves, which interact with the ambient particles producing the tails. 
DISCUSSION
The experimental results presented here indicate that the collisionless plasma processes discussed in the paper by Papadopoulos and Coffey [1974a] are important in understanding the nonthermal features of the auroral plasma even at low altitudes. It appears that for electrons of energy >•30 eV the nonlinear plasma process competes with or completely dominates the effects of collisions. Observation and theory agree that such energetic tails may be formed not only at heights great enough that collisions are unimportant but also in the E region, where not only are collision frequencies high for thermal electrons but also the density is so great that tail electrons formed at greater heights could not penetrate.
Thorough studies of existing auroral electron data, together with new, comprehensive in situ observations of particles, waves, and plasma parameters including conductivity, are being planned in order to establish the range of parameters over which the nonlinear process operates. Observation of ionization irregularities, or measurement of enhanced resistivity, will be crucial. At present we can say that our spectra and those observed by Arnoldy If an auroral beam consists of electrons accelerated through an electrostatic potential, the same potential can also reflect backscattered electrons and increase the intensity of the downcoming secondary component, as discussed by Evans [1974] . It does not appear that the model used by Evans can generate a tail as energetic and intense as we report here, and it certainly could not regenerate the tail locally in competition with collisions in the E region as our data appear to require. Nevertheless, this factor would have to be included in a full calculation.
Finally it should be noted that the theory outlined here is one-dimensional. Extension to two and three dimensions is under way. We expect the same qualitative conclusions from the more complete theory.
